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The Mathematical P h y s i c s  Branch/Mission P lann ing  and Ana lys i s  Div i s ion  has  t h e  
r e s p o n s i b i l i t y  t o  provide  t h e  f u n c t i o n a l  ground nav iga t ion  s o f t w a r e  fo rmula t ion  
requirements  f o r  t h e  Mission Cont ro l  Center  (MCC) low-speed-processing phases  
d u r i n g  Operat ions  P r o j e c t  S h u t t l e  (OPS). 

The ground n a v i g a t i o n  so f tware  fo rmula t ion  requ i rements  a r e  l o g i c a l l y  o rgan ized  
i n t o  volumes. T h i s  o rgan iza t ion  is presen ted  i n  t h e  accompanying t a b l e .  The ma- 
t e r i a l  in each volume p r e s e n t s  the  l e v e l  C fo rmula t ion  requirements  of t h e  
p rocessors  and modules r e q u i r e d  t o  p rocess  low-speed-tracking d a t a  and perform 
o r b i t  de te rmina t ion  and o the r  r e l a t e d  n a v i g a t i o n  computations.  Each volume de- 
s c r i b e s  t h e  fo rmula t ion  requirements  o f  t h e  i d e n t i f i e d  p rocessor  o r  module 
s p e c i f i e d  i n  t h e  OPS MCC Ground Naviga t ion  Program Level B Sof tware  document 
r e f  1 .  The i n p u t s  and o u t p u t s  r e q u i r e d  t o  accomplish t h e  f u n c t i o n s  d e s c r i b e d  
a r e  s p e c i f i e d .  Flow c h a r t s  d e f i n i n g  t h e  sequence of mathematical  o p e r a t i o n s  and 
d i s p l a y  and c o n t r o l  p rocess ing  r e q u i r e d  t o  s a t i s f y  t h e  desc r ibed  f u n c t i o n s  a r e  
inc luded  i n  the  document where a p p r o p r i a t e .  
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1.8 CORRELATION TO LEVEL B 

This document p re sen t s  the  l e v e l  C software requirements t h a t  s a t i s f y  t he  l e v e l  
B sof tware requirements spec i f i ed  f o r  t h e  d i f f e r e n t i a l  co r r ec t i on  module i n  the 
fol lowing sec t ions  of JSC I N  77-FM-57 (ref .  I ) ,  s e c t i o n s  5.7,  6.0 ( f i g .  6-61, 
7 .2 .6 ,  and 8.3.6.  

2.0 GENERAL DESCRIPTION -- -------- 

The d i f f e r e n t i a l  co r r ec t i on  module (DCM) s h a l l  be c a l l e d  by the  convergence proc- 
e s so r  (CP) i n  order  t o  compute co r r ec t i ons  t o  the pos i t i on ,  ve loc i ty  and o the r  
spec i f i ed  solve-for  parameters by u t i l i z i n g  a weighted l e a s t  squares  f i t  t o  the 
t rack ing  data  r e s i d u a l s  a s  follows: 

where 

6X = cur ren t  change t o  t h e  es t imate  of the  so lu t ion  vector  

A = matrix of p a r t i a l  de r iva t ives  of the  observat ion with r e spec t  t o  
the  so lu t ion  vec tor  parameters 

W = diagonal weighting matr ix;  each diagonal element is the i nve r se  
2 of t he  var iance assoc ia ted  with respec t ive  observat ion (W = l / O  ) 

Ap = a p r i o r i  covariance matr ix  
- 
r = r e s i d u a l  vec tor  ( a c t u a l  observat ion minus computed observat ion)  

6% = vector  of d i f f e r ences  between t h e  a p r i o ~ i  (Xp) and cu r r en t  (X) es- 
t imate  of t he  so lu t ion  vec tor  (6Xp = Xp-X) 

The term A ~ W A  -c ~ p - l  i n  the  above equat ion is r e f e r r ed  t o  a s  the normal 
matr ix  N ,  i . e . :  
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It can be expressed i n  terms o f  t h e  o b s e r v a t i o n s  as fo l lows :  

where 

n  = the  number o f  o b s e r v a t i o n s  

T 

= t h e  p a r t i a l s  o f  t h e  ith o b s e r v a t i o n  wi th  r e s p e c t  t o  t h e  
s o l u t i o n  v e c t o r .  Note: Throughout t h i s  document G is 
used a s  a  g e n e r a l i z e d  v a r i a b l e  t o  r e p r e s e n t  t h e  p a r t i c u -  
l a r  obse rva t ion  under c o n s i d e r a t i o n .  

W i  = t h e  weight o f  t h e  ith o b s e r v a t i o n  

The r e c u r s i v e  scheme desc r ibed  below ( s e c .  3 . 6 )  f o r  i n v e r t i n g  t h e  symmetric nor-  
mal m a t r i x  N' by d i a g o n a l i z a t i o n  w i l l  y i e l d  t h e  i n v e r s e  of  t h e  normal m a t r i x  
N-I = A and t h e  c o r r e c t i o n  6X t o  t h e  p o s i t i o n ,  v e l o c i t y  and o t h e r  s o l u t i o n  
v e c t o r  parameters .  F u r t h e r ,  t h i s  scheme prov ides  a  meaningful r e s u l t  i n  t h e  
c a s e s  where t h e  r e s u l t a n t  normal m a t r i x  is  e i t h e r  s i n g u l a r  o r  no t  p o s i t i v e  d e f i -  
n i t e .  

When determining a s o l u t i o n ,  t h e  c o r r e c t i o n s  a r e  computed wi th  r e s p e c t  t o  t h e  
i n i t i a l  e s t i m a t e  ( i . e . ,  s p e c i f i e d  i n p u t  v a l u e s )  of  t h e  s o l u t i o n  pa ramete r s .  

The sequence of mathemat ica l  o p e r a t i o n s  r e q u i r e d  t o  s a t i s f y  t h i s  module i s  
presen ted  i n  t h e  f low c h a r t  BCM of appendix A .  

The fo l lowing  i s  a g e n e r a l  d e s c r i p t i o n  of t h e  BCM a s  shown i n  t h e  f low c h a r t  
DCM . 

The normal m a t r i x  js i n i t i a l i z e d  d t h  t h e  i n v e r s e  of  t h e  a p r i o r i  covar iance  
m a t r i x .  

The c u r r e n t  e s t i m a t e  of' t h e  s o l u t i o n  v e c t o r  i s  then i n p u t  t o  the  FFP t o  g e n e r a t e  
a  v e h i c l e  ephemeris over t h e  obse rva t ion  i n t e r v a l .  Ephemeris f o r  a l l  TDRS vehi-  
c l e s  i n  t h e  s i g n a l  pa th  a r e  provided by t h e  o r b i t  de te rmina t ion  e x e c u t i v e  v i a  
the  convergence p r o c e s s o r .  



The fo l lowing  d a t a  s h a l l  be assembled by t h e  DCM f o r  each ba tch  o f  t r a c k i n g  d a t a  
t o  be processed : 

a .  Batch header 
b.  S t a t i o n  c h a r a c t e r i s t i c s  
c .  S i g n a l  path  c o n f i g u r a t i o n  
d .  Data t y p e s  con ta jned  i n  ba tch  
e .  Observat ion weights  
f .  So lve - fo r  b i a s e s  

The DCM s h a l l  de termine from t h e  ba tch  header  t h e  number o f  v a l i d  da ta  frames 
con ta ined  i n  the  ba tch .  These d a t a  frames s h a l l  be processed s e q u e n t i a l l y .  
Within each d a t a  f rame,  a l l  of  t h e  o b s e r v a t i o n  da ta  types  s h a l l  be processed one 
a t  a  t ime.  

The o b s e r v a t i o n a l  d a t a  and corresponding ephemeris segments f o r  each d a t a  frame 
s h a l l  be ob ta ined  from s t o r a g e .  E l e v a t i o n  t e b t s  s h a l l  be performed on a l l  d a t a  
frames. A d d i t i o n a l l y ,  ' a l t i t u d e  t e s t s  s h a l l  be performed f o r  r e l a y  d a t a  frames.  
These t e s t s  s h a l l  be performed only  once per  d a t a  frame. If t h e  computed e leva-  
t i o n  and/or a l t i t u d e  f o r  a  g iven frame a r e  less than a  u s e r  s p e c i f i e d  minimum 
v a l u e ,  p r o c e s s i n g  of t h a t  frame s h a l l  be terminated and t h e  DCM s h a l l  proceed t o  
t h e  n e x t  da ta  frame t o  con t inue  p rocess ing .  

For each da ta  frame t h a t  passes  t h e  e l e v a t i o d a l t i t u d e  tests t h e  f o l l o w i n g  i t e m s  
s h a l l  be computed f o r  each v a l i d  o b s e r v a t i o n  w i t h i n  t h e  frame: 

a .  An es t ima ted  obse rva t ion  va lue  and r e s i d u a l  
b .  The p a r t i a l  d e r i v a t i v e  of  t h e  computed obse rva t ion  wi th  r e s p e c t  t o  p o s i t i o n ,  

v e l o c i t y ,  and b i a s  
c .  A s t a t e  t r a n s i t i o n  m a t r i x  (once p e r  d a t a  frame) 
d.  The a s s o c i a t e d  row of  t h e  p a r t i a l s  m a t r i x  
e .  The normal m a t r i x  of  t h e  o b s e r v a t i o n  
f .  The updated normal m a t r j x  

A f t e r  t h e  above computations a r e  made f o r  each v a l i d  o b s e r v a t i o n  w i t h i n  a  frame, 
t h e  DCM s h a l l  proceed t o  t h e  next  d a t a  frame and con t inue  p r o c e s s i n g .  

A f t e r  a l l  v a l i d  o b s e r v a t i o n s  w i t h i n  t h e  obse rva t ion  i n t e r v a l  have been proc- 
e s s e d ,  the  normal mat r ix  is i n v e r t e d  and the  changes t o  t h e  s o l u t i o n  v e c t o r  
a r e  computed. 

Upon completion of t h e  d i f f e r e n t i a l  c o r r e c t i o n  p r o c e s s ,  c o n t r o l  is  r e t u r n e d  t o  
t h e  convergence p r o c e s s o r .  

3.0 FORMULATION OF EACH FUNCTION ------------ 

3.1 INITIALIZATION 

The i n i t i a l i z a t i o n  func t ion  s h a l l  i n i t i a l i z e  the  normal m a t r i x  N with t h e  i n -  
v e r s e  of t h e  a  p r i o r i  covar iance  mat r ix  ~ p - l .  



Subsequent ly ,  a s  each obse rva t ion  i s  processed ,  t h e  normal mat r ix  s h a l l  be 
accumulated a s  fo l lows  : 

where 

n  = t h e  number of  o b s e r v a t i o n s  
- 
a i  = t h e  p a r t i a l s  o f  t h e  ith o b s e r v a t i o n  with r e s p e c t  t o  t h e  s o l u t i o n  

v e c t o r  

Wi = t h e  weight of  t h e  i th o b s e r v a t l a n  

Since  the  normal m a t r i x  is symmetric, on ly  t h e  lower t r i a n g l e  p o r t i o n  need be 
s t o r e d .  This  w i l l  reduce t h e  r e q u i r e d  number of  s t o r a g e  l o c a t i o n s  f o r  a  so lu -  
t i o n  v e c t o r  o f  k elements  from k2 t o  k(k+1)/2. 

The i n i t i a l i z a t i o n  f u n c t i o n  s h a l l  a l s o  determine i f  t h e r e  a r e  any dynamic parame- 
t e r s  ( v e n t  and d r a g )  i n  t h e  s o l u t i o n  v e c t o r .  If s o ,  t h e s e  va lues  s h a l l  be 
loaded i n t o  an a u x i l i a r y  t a b l e  t o  be passed t o  FFP. 

3 .2  EPHEMERIS 

The o b s e r v a t i o n  i n t e r v a l  AT is def ined  t o  be t h e  time i n t e r v a l  from t h e  first 
o b s e r v a t i o n  of t h e  first batch t o  t h e  l a s t  o b s e r v a t i o n  of  t h e  l a s t  ba tch .  An 
ephemeris spanning t h i s  i n t e r v a l  i s  r e q u i r e d  f o r  each v e h i c l e  i n  t h e  s i g n a l  
pa th .  The ephemeris s h a l l  be i n  t h e  Aries-mean-of-4950 coord ina te  system and 
s h a l l  c o n t a i n  a  minimum o f  n ine  p o i n t s  wi th  t h e  ephemeris s t e p  s i z e  A t  between 
p o i n t s  e q u i v a l e n t  t o  one beta  s t e p .  

The t ime i n t e r v a l  e q u i v a l e n t  t o  one be ta  s t e p  is determined from t h e  equa t ion  



where 

A t  = time i n t e r v a l  i n  hours ( h r )  

B = be ta  s t e p  i n  ( e e r e  E . r .  = Earth r ad ius  

= Earth g r a v i t a t i o n a l  parameter i n  (E. r. 13/hr2 

R = pos i t i on  vector  magnitude 

The observat ion i n t e r v a l  s h a l l  be examined t o  determine i f  i t  is p o s s i b l e  
t o  ob t a in  nine o r  more ephemeris po in t s  using an ephemeris s t e p  s i z e  A t  of one 
be ta  s t ep .  If nine po in ts  can be obtained,  t he  i n t e g r a t i o n  i n t e r v a l  AT' 
s h a l l  be set equal  t o  t he  observat ion i n t e r v a l  AT. If nine po in ts  cannot be 
obtained,  the  i n t e r g r a t i o n  i n t e r v a l  AT' s h a l l  be set equal  t o  a time i n t e r v a l  
equiva len t  t o  10 beta  s t e p s .  Menuvers from t h e  mission plan t a b l e  (MPT) which 
l i e  ou t s ide  the  observat ion i n t e r v a l  s h a l l  be ignored i n  cons t ruc t ing  t h i s  
ephemeris. 

The f r e e  f l i g h t  p r ed i c to r  s h a l l  use pos i t i on  s h a l l  use p o s i t i o n  PQ and 
v e l o c i t y  Vo of t h e  cur ren t  estimate of t h e  s o l u t i o n  vector  suppl ied by t h e  
convergence processor  (CP) a t  anchor time to t o  generate  a  f r e e  f l i g h t  t a r g e t  
veh i c l e  ephemeris spanning t h e  s p e c i f i e d  i n t e g r a t i o n  i n t e r v a l  A T .  The va r i -  
a b l e s  defined i n  t a b l e  I s h a l l  be provided the  f r e e  f l i g h t  p r ed i c to r  and t h e  var- 
i a b l e s  defined i n  t a b l e  11 s h a l l  be re turned .  

The o r b i t  determination execut ive ( r e f .  3) s h a l l  provide t he  requi red  TDRS 
ephemerides v i a  t h e  convergence processor ( r e f .  2 ) . 
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TABLE I.- FREE FLIGHT PREDICTOR INPUT VARIABLES 

Var i able  Descr ip t ion  

Anchor time assoc ia ted  with spec i f i ed  so lu t ion  vector  and s t a r t  
time of observat ion i n t e r v a l  

- 
Xo M58 s t a t e  a t  anchor time 

AT In t eg ra t i on  i n t e r v a l  

Drag m u l t i p l i e r  from so lu t ion  vector  
- 
av Vent fo rces  from s o l u t i o n  vec to r  

INTEG In t eg ra to r  force  model opt ions 



Variable  Descr ip t ion  

VEPH(NV) Vehicle ( N V )  ephemeris spanning t h e  i n t e g r a t i o n  i n t e r v a l  which 
contains  the following data  a t  each poin t :  

t = time o f  ephemeris po in t  (no f u r t h e r  spaced than one 
beta  s t e p )  

- 
P = pos i t i on  components (Xv, Yv,  Z v )  i n  Aries-mean-of-1950 

Cartesian coordinate  system 
- 
-V = ve loc i ty  components ( fv ,  iV, i v )  i n  Aries-mean-of-1950 

Car tes ian  coordinate  system 



3.3 BAT(% PROCESSING 

The DCM w i l l  p rocess  one ba tch  at a time i n  t h e  o r d e r  encountered i n  t h e  v e h i c l e  
d a t a  t a b l e .  For each batch t h e  fo l lowing  f u n c t i o n s  s h a l l  be performed: 

a .  Ba tch  header f e t c h  
b. S t a t i o n  c h a r a c t e r i s t i c s  f e t c h  
c .  S i g n a l  path c o n f i g u r a t i o n  
d .  Data t y p e s  
e. Observat ion we igh t s  
f .  Solve-for-bias  i n i t i a l i z a t i o n  
g. Frame i n i t i a l i z a t i o n  

3.3.1 Batch Header Fetch --------- -- 
With t h e  i n p u t  o f  a batch number, a  sys tems r o u t i n e  s h a l l  l o c a t e  and r e t u r n  the  
b a t c h  header  d a t a  a s  shown i n  t a b l e  111. 
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TABLE 111. - BATCH HEADER VARIABLES 

Vari a b l  e D e s c r i p t i o n  

Vehicle  i d e n t i f i c a t i o n  code 

Receiver s t a t i o n  i d e n t i f i c a t i o n  code 

Transmi t t e r  s t a t i o n  i d e n t i f i c a t i o n  code 

Forward l i n k  r e l a y  s a t e l l i t e  i d e n t i f i c a t i o n  code 

Return l i n k  r e l a y  sa te l l i te  i d e n t i f i c a t i o n  code 

Data t y p e  

Reference frequency 
a .  S-band d i r e c t  

(1) Two-way t r a n s m i t t e r  f requency from incoming d a t a  message 
( 2 )  Three-way r e c e i v i n g  s t a t i o n ' s  e s t i m a t e  of t h e  t r a n s m i t t e r  

frequency from t h e  incoming d a t a  message 
(3) Transmi t t e r  d i r e c t  frequency - u s e r  s p e c i f i e d  v a l u e  o f  

t r a n s m i t t e r  frequency t o  be used f o r  p rocess ing  three-way 
d i r e c t  Doppler d a t a  

b .  Relay - t a r g e t  v e h i c l e  ( u s e r  s p a c e c r a f t )  t r a n s m i t t e r  f requency 

Relay r e t u r n  l i n k  t r a n s l a t i o n  f requency 

Doppler model c o e f f i c i e n t  
(1) S-band d i r e c t  - K is t h e  composite of t h e  t a r g e t  v e h i c l e  

t ransponder  m u l t i p l i e r  and t h e  Doppler e x t r a c t o r  m u l t i -  
p l i e r  (nominal va lue  is  1000 x 240/221). 

( 2 )  Relay - K is t h e  Doppler e x t r a c t o r  m u l t i p l i e r  (nominal 
va lues  a r e  1000 f o r  S-band and 100 f o r  ku-band) . 

Doppler b i a s  f requency - e f f e c t i v e  b i a s  frequency used i n  r e c e i v i n g  
ground s t a t i o n  Doppler coun te r  subsystem 

Range ambigui ty  i n t e r v a l  

Batch t ime - t ime t a g  of t h e  first v a l i d  observa t ion  

T o t a l  number o f  da ta  frames 
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3.3.2 S t a t i o n  C h a r a c t e r i s t i c s  Fetch 

U t i l i z i n g  t h e  r e c e i v e r  (NR) and t r a n s m i t t e r  (NX) s t a t i o n  i d e n t i f i c a t i o n  codes 
ob ta ined  from t h e  batch header ,  a systems r o u t i n e  s h a l l  l o c a t e  and r e t u r n  t h e  
c h a r a c t e r i s t i c s  of each s t a t i o n  as shown i n  t a b l e  I V .  



TABLE I V . -  REQWRED STATION CHARACTERISTICS VARIABLES 

Var iab le  D e s c r i p t i o n  

- -- ---- - ----- --- ---------- 

X Geodetic l o n g i t u d e  o f  t h e  s t a t i o n  

@D Geodetic l a t i t u d e  of the  s t a t i o n  

rs Geocen t r i c  r a d i u s  t o  t h e  s t a t i o n  

z~ D i s t a n c e  of s t a t i o n  from E a r t h ' s  e q u a t o r i a l  p l a n e ,  p o s i t i v e  n o r t h  

r~ Radius of t h e  s t a t i o n  from E a r t h ' s  s p i n  a x i s  

n , ( I> Modulus of r e f r a c t i o n  a t  the s t a t i o n  f rm the t a b l e  of monthly r e -  
f r a c t i o n  informat ion.  The m n t h  d e s i r e d  is chosen based on t h e  
batch t ime of  the ba tch .  

hs( 1 )  Atmospheric s c a l e  height  from the t a b l e  o f  m n t h l y  r e f r a c t i o n  
in fo rmat  ion  

W~ Range d a t a  weight 

A Angle d a t a  we igh t  

' ~ 2  Two-way Doppler d a t a  weight 

' ~ 3  Three-way Doppler data  weight 



3 .3 .3  S i g n a l  Path  Conf igura t ion  - 

The s i g n a l  path c o n f i g u r a t i o n  s h a l l  be determined by checking the  forward l i n k  
r e l a y  s a t e l l i t e  i d e n t i f i c a t i o n  code (NTI ) . 

I f  Nfl = 0 ,  then IDOP = 0 ,  E m =  E d  

I f  NT1 f 0 ,  then  IDOP = 1 ,  Em = Er 

where 

I M P  = s i g n a l  pa th  c o n f i g u r a t i o n  f l a g .  The fo l lowing  code i s  used i n  
t h i s  document: 0 = d i r e c t ,  1 = r e l a y .  D i r e c t  can be i n t e r p r e t e d  
a s  C-band o r  d i r e c t  S-band t r a c k i n g  types ,  s i n c e  IDOP i s  used  t o  
d e f i n e  t h e  s i g n a l  path  c o n f i g u r a t i o n  r a t h e r  than the  measurement 
s e t .  

Em = minimum c o n f i g u r a t i o n  e l e v a t i o n  a n g l e  

Ed = u s e r  s p e c i f i e d  minimum d i r e c t  e l e v a t i o n  a n g l e  

Er = u s e r  s p e c i f i e d  minimum r e l a y  e l e v a t i o n  a n g l e  

The sequence o f  o p e r a t i o n s  needed t o  s a t i s f y  t h i s  f u n c t i o n  is  presen ted  i n  t h e  
f low c h a r t  SET UP in appendix A .  

3.3 .4  R e f r a c t i o n  ---- 
The modulus of r e f r a c t i o n  (No) and s c a l e  he igh t  (H,) of each s t a t i o n  s h a l l  be de- 
termined f o r  t h e  month a s s o c i a t e d  w i t h  the batch t ime.  The value  o f  t h e s e  param- 
e t e r s  s h a l l  not be changed i f  t h e  number of the  month changes w i t h i n  t h e  b a t c h .  

3.3.5 Data Typs -- - 

The d a t a  t y p e  f u n c t i o n  s h a l l  determine the  t y p e s  ( a n g l e  1 ,  a n g l e  2, r a n g e ,  
Doppler)  of d a t a  t o  be processed.  U t i l i z i n g  the d a t a  type  (DT) s p e c i f i e d  in 
the  ba tch  header ,  the  f o u r  d a t a  t y p e  parameters  (NDT)  s h a l l  be s e t  a s  f o l l o w s :  

I f  DT = a ,  then  NDT ( 1) = 1 (az imuth)  

NDT ( 2 )  = 2 ( e l e v a t i o n )  

NDT (3 )  = 7 (m-W?) 

NDT ( 4 )  = 0 (no Doppler)  



If DT = b, then  NDT ( 1) = 3 ( n o r t h / s o u t h  X-angle) 

HDT ( 2 )  = 4  ( n o r t h / s s u t h  Y-angle) 

NDT ( 3 )  = 7 ( d i r e c t  range)  

NDT (4 )  = 8 (2-way d i r e c t  Doppler) 

I f  DT = c ,  then  NDT (1 )  = 5 ( e a s t / w e s t  X-angle) 

NDT ( 2) = 6 ( e a s t  /west Y-angle) 

NDT (3) = '7 ( d i r e c t  range) 

Nm ( 4 )  = 8 (2-way d i r e c t  Doppler) 

If  DT = d ,  then  HDT ( 1) = 3 ( n o r t h / s o u t h  X-angle) 

NDT ( 2 )  = 4 ( n o r t h / s o u t h  Y-angle) 

NDT (3) = O ( n o  range) 

NDT ( 4 )  = 8 (three-way d i r e c t  Doppler) 

I f  BT = e ,  then  NDT (1)  -- 5 ( e a s t / w e s t  X-angle) 

MIT ( 2 )  -- 6 ( e a s t / w e s t  Y-angle) 

~T (3) = 0 (no range)  

N E  (49 = 8 (thsee-way d i r e c t  Boppler)  

If  DT = f ,  then $3DT ( 1 )  = 8 ( n o  angle  '1) 

NDT ( 2) = 0 (no a n g l e  2 )  

NBT (39 = '7 (two-way/three-way r e l a y  range) 

NDT ( 4 )  -- 8 (two-way/three--way r e l a y  Doppler) 

Sf DT = g ,  then  ~ l :  ( 1 )  s: 0 ( n o  angle  1) 

NUT ( 2 )  = 8 (no a n g l e  2) 

MIT ( 3 )  = 7 (hybr id  r e l a y  range) 

NDT ( 4 )  = 8 ( h y b r i d  r e l a y  Doppler) 

I f  BT = none of  t h e  above,  then set ernvr f l a g  P O D g i R  = 32. I n  t h e  ODE, t h i s  
va lue  w i l l  g e n e r a t e  the  nEssage: 

*** ODE ERROR ""$5 



ERROR I N  BATCH DATA TYPE. VEHICLE (XXXX). MODE 1 

The sequence of  mathemat ica l  o p e r a t i o n s  r e q u i r e d  t o  s a t i s f y  t h i s  f u n c t i o n  is  
presen ted  i n  f low c h a r t  DTYPE i n  appendix A .  

3.3.6 Observat ion Weight 

The o b s e r v a t i o n  weight f u n c t i o n  s h a l l  de termine t h e  weight t o  be -used w i t h  t h e  
f o u r  d a t a  t y p e s .  U t i l i z i n g  t h e  d a t a  we igh t s  ob ta ined  from t h e  s t a t i o n  c h a r a c t e r -  
i s t i c s  t a b l e  ( t a b l e  IV) ,  t h e  o b s e r v a t i o n  weight f u n c t i o n  s h a l l  s e t  up t h e  obse r -  
v a t i o n  weight ing a r r a y  a s  fo l lows :  

W(1) = WA 

W(2) = WA 

W(3) = WR 

W(4) = WD2 i f  d a t a  t y p e  = b ,  c o r  f 

W(4) = WD3 if d a t a  type  = d ,  e o r  g 

where W ( I )  = o b s e r v a t i o n  weight ing a r r a y  

I = 1 ( a n g l e  I ) ,  I = 2 ( a n g l e  2 ) ,  I = 3 ( r a n g e ) ,  I = 4 (Doppler)  

WA = ang le  d a t a  weight 

WR = range d a t a  weight 

WD2 = two-way/three-way Doppler d a t a  weight 

WD3 = h y b r i d  Doppler d a t a  weight 

I n  a d d i t i o n ,  by s e t t i n g  one o r  more of  t h e  d a t a  weight e q u a l  t o  z e r o ,  t h e  
we igh t ing  a r r a y  s h a l l  be used t o  exclude t h e  corresponding measurement t y p e s  
from t h e  d i f f e r e n t i a l  c o r r e c t i o n .  

Th i s  c a p a b i l i t y  s h a l l  be a v a i l a b l e  on ly  i n  t h e  SB mode. The u s e r  s h a l l  have t h e  
c a p a b i l i t y  t o  i n c l u d e  o r  exclude from SB p rocess ing  any of  t h e  fo l lowing  measure- 
ment t y p e s  : 

a .  C-band azimuth a n g l e  

b .  C-band e l e v a t i o n  a n g l e  

c .  C-band range 
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d. S-band d i r e c t  X-angle 

e. S-band d i r e c t  Y-angle 

f .  S-band d i r e c t  range 

g. S-band d i r e c t  two-way Doppler 

h .  S-band d i r e c t  three-way Doppler 

i. Two-way/three-way r e l a y  range through TDRSS 

j. Two-way/three-way r e l a y  Doppler through TDRSS 

k. Hybrid r e l a y  range through TDRSS 

1. Hybrid r e l a y  Doppler through TDRSS 

Nominally, a11 d a t a  t y p e s  s h a l l  be inc luded .  The SB d a t a  t y p e  inc lude /exc lude  
f l a g s  s h a l l  be mainta ined a s  p a r t  o f  t h e  SBCT. The o b s e r v a t i o n  weight f u n c t i o n  
s h a l l  use t h e s e  f l a g s  t o  determine t h o s e  d a t a  t y p e s  i n  an assembled d a t a  set 
t h a t ,  though con ta ined  i n  ba tches  f l a g g e d  f o r  i n c l u s i o n  by t h e  DFCP, must be 
excluded f r m  t h e  SB s o l u t i o n  i n  p rocess .  

There  s h a l l  be 12 measurement-type e x c l u s i o n  f l a g s  a v a i l a b l e  f o r  s p e c i f i c a t i o n  
by t h e  u s e r  correspondiryy t o  t h e  12 t y p e s  of  e x c l u s i o n s  above. The va lue  1 
w i l l  i n d i c a t e  t h e  ON c o n d i t i o n  w h i l e  O w i l l  i n d i c a t e  t h e  OFF c o n d i t i o n ;  i . e . ,  
0  = i n c l u d e ,  1 = exclude.  

An i l l u s t r a t i o n  of  t h e  sequence o f  mathemat ica l  o p e r a t i o n s  r e q u i r e d  t o  s a t i s f y  
t h i s  f u n c t i o n  is presen ted  i n  f low c h a r t  WEIGHT i n  appendix A.  

3.3.7 Solve-For B i a s  I n i t i a l i z a t i o n  

If' t h e  s o l u t i o n  v e c t o r  c o n t a i n s  a  d a t a  b i a s  f o r  t h e  d a t a  (two-way/three-way o r  
h y b r i d  r e l a y  Doppler)  in t h e  ba tch ,  s e t  t h e  so lve - fo r  b i a s  p a r m e t e r s  (bD) t o  
t h e  c u r r e n t  e s t i m a t e  of t h e  v a l u e ,  

The sequence of  matherfiatical o p e r a t i o n s  r e q u i r e d  t o  s a t i s f y  t h i s  f u n c t i o n  is 
presen ted  i n  f low c h a r t  SOEFOR i n  appendix A ,  \ 

3.3.8 Frame I n i t i a l i z a t i o n  

P r i o r  t o  p r o c e s s i n g  t h e  frames of d a t a  con ta ined  i n  a  batch o f  d a t a ,  t h e  fo l low- 
i n g  v a r i a b l e s  s h a l l  be i n i t i a l i z e d  as i n d i c a t e d .  



where 

PC = frame coun te r  which w i l l  be incremented u n t i l  t h e  number of  f rames 
(NP) s p e c i f i e d  i n  t h e  batch header  has  been processed 

t '  = saved frame time which i s  used t o  p reven t  recomputat ion o f  va r i -  
a b l e s  t h a t  a r e  a fbnc t ion  o f  t ime i n s t e a d  o f  d a t a  type  

ST = saved o b s e r v a t i o n  t ime  which i s  used t o  p reven t  recomputat ion of 
v a r i a b l e s  i n  t h e  o b s e r v a t i o n  computation m d u l e  u n t i l  t h e  observa- 
t i o n  t i m  changes  

SNR = saved r e c e i v e r  number which is  used t o  prevent  recomputat ion o f  
v a r i a b l e s  i n  t h e  ob s e r v a t  ion computation module u n t i l  t h e  r e c e i v e r  
s t a t i o n  nunher changes 

3.4 FRAME PROCESSING 

For  each f rame,  t h e  o b s e r v a t i o n  d a t a  and ephemeris segments s h a l l  b e  o b t a i n e d .  
A s  the da ta  a r e  p r o c e s s e d ,  e l e v a t i o n  and RF s i g n a l  pa th  a l t i t u d e  t e s t s  s h a l l  be 
performed.  If  t h e  computed e l e v a t i o n  and a l t i t u d e  va lues  are l e s s  than a user 
s p e c i f i e d  minimum v a l u e ,  p r o c e s s i n g  o f  t h a t  frame s h a l l  be t e rmina ted  and t h e  
DCM s h a l l  move on t o  t h e  n e x t  frame t o  con t inue  p rocess ing .  

3.4.1 Observat ion - Data 

Each frame o f  obse rva t ion  d a t a  s h a l l  c o n t a i n  t h e  o b s e r v a t i o n  d a t a  shown i n  t a b l e  
v .  
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TABLE V . - OBSERVATION DATA INPUT VARIABLES 

V a r i a b l e  D e s c r i p t i o n  

Time 

Angle 1 (A, X )  

Angle 2 (E, Y) 

Range 

Doppler sampling i n t e r v a l .  Th i s  is determined by t h e  r a t e  a t  which 
Doppler measurements a r e  r ead  o u t  o f  t h e  Doppler coun te r  and by t h e  
d a t a  compression i n t e r v a l .  

E d i t  f l a g  f o r  a n g l e  1 

E d i t  f l a g  f o r  ang le  2 

E d i t  f l a g  f o r  range 

E d i t  f l a g  f o r  Doppler 



3.4 .2  Ephemeris -- Segments 

The ephemeris f u n c t i o n  s h a l l  l o c a t e  and r e t u r n  n i n e  ephemeris p o i n t s  c o n s i s t i n g  
of time, p o s i t i o n  ( 3  e l e m e n t s ) ,  and v e l o c i t y  (3 e lements )  and spanning t h e  obser-  
v a t i o n  time ( t R )  f o r  each v e h i c l e  s p e c i f i e d  (NV, NT1 , NT2) i n  the b a t c h  header  
i n  t h e  fo l lowing  nanner : 

a. If t is p r i o r  t o  the  f o u r t h  p o j n t ,  then  the  f i r s t  n ine  p o i n t s  of t h e  
ephemeris s h a l l  be r e t u r n e d .  

b. I f  tR  is a f t e r  the  f o u r t h  p o i n t  and p r i o r  t o  t h e  l a s t  f o u r  p o i n t s  of t h e  
ephemeris ,  then  t h e  n i n e  p o i n t s  r e tu rned  s h a l l  be c e n t e r e d  about tR . 

c .  I f  tR  i s  such t h a t  t h e r e  are not f o u r  p o i n t s  of the  ephemeris w i t h  time 
g r e a t e r  than  tR,  then  t h e  last  n i n e  po in t s  o f  t h e  ephemeris  s h a l l  be 
r e t u r n e d .  

For d i r e c t  d a t a  (IDOP 01, t h e  n i n e  p o i n t s  o f  t h e  t a r g e t  v e h i c l e  ephemeris 
s h a l l  be s t o r e d  i n  ephemeris a r r a y  EPH(1). 

For  r e l a y e d  d a t a  (IDOP = I ) ,  t h e  n i n e  p o i n t s  o f  t h e  r e t u r n  l i n k  r e l a y  v e h i c l e  
TDRS 2 ephemeris s h a l l  be s t o r e d  in  ephemeris a r r a y  EPH(I), t h e  n ine  p o i n t s  of 
t h e  t a r g e t  v e h i c l e  ephemeris  i n  ephemeris a r r a y  EPH(21, and t h e  n i n e  p o i n t s  o f  
the forward liik r e l a y  v e h i c l e  TDWS 1 ephemeris  i n  ephemeris a r r a y  EPH(3). 

The sequence o f  mi themat ica l  o p e r a t i o n s  r e q u i r e d  t o  s a t i s f y  t h i s  f u n c t i o n  i s  
p r e s e n t e d  i n  f low c h a r t  EPHEMS i n  appendix  A. 

3 .4 .3  R e f r a c t i o n  Model V a l i d i t y  T e s t s  
--------.- 

Following the  f i r s t  m%l  t o  the 004 f o r  t h e  c u r r e n t  d a t a  frame t h e  DCM shall per-  
form e l e v a t i o n  a n g l e  and s i g n a l  pa th  a l t i t u d e  tests. The purpose o f  t h e s e  tests 
is t o  exc lude  from D C  p rocess ing  t h o s e  o b s e r v a t i o n s  t h a t  occur i n  t h e  r e g i o n s  
where t h e  a tmospher ic  mo deL inaccuracy  degrades  the o b s e r v a t i o n  modeling beyond 
reasonab le  limits. In  each o f  these  t e s t s ,  i f  t h e  computed value  is l e s s  than 
t h e  u s e r - s p e c i f i e d  minimum v a l u e ,  p r o c e s s i n g  o f  t h e  d a t a  frame s h a l l  be ter- 
minated and the next  frame s h a l l  be f e t c h e d ,  

The e l e v a t i o n  a n g l e  t e s t s  a r e :  
\ 

a .  I n  the case  of two-way d i r e c t  d a t a  and tws--way/threeway r e l a y e d  d a t a ,  t h e  
QCM-computed e l e v a t i o n  o f  t h e  v e h i c l e  w i t h  r e s p e c t  t o  the  r e c e i v i n g  s t a t i o n  
hor izon s h a l l  be compred wi th  t h e  u s e r  s p e c i f i e d  minimum e l e v a t i o n  value .  

b .  I n  the case  o f  three-way d i r e c t  data  and h y b r i d  r e l a y e d  d a t a ,  t h e  OCM 
computed e l e v a t i o n  of the  v e h i c l e  wi th  r e s p e c t  t o  both t h e  r e c e i v i n g  and 
t r a n s m i t t i n g  s t a t i o n  h o r i z o n s  s h a l l  be compared wi th  t h e  u s e r - s p e c i f i e d  mini- 
mum e l e v a t i o n  v a l u e .  



The RF s i g n a l  pa th  a l t i t u d e  test:  

For r e l a y e d  d a t a ,  i f  t h e  t a r g e t  v e h i c l e  is known t o  be on t h e  Ear th  f a r s i d e  ( w i t h  
r e s p e c t  t o  t h e  p e r t i n e n t  TDRS) p o r t i o n  of t h e  o r b i t a l  a r e  v i a  t h e  forward r e l a y  
test R(3) ' R(4) 1 ~ ( 3 )  1 o r  r e t u r n  r e l a y  test R(3) * R(2) < / ~ ( 3 )  1 , 
t h e  r e s p e c t i v e  r e l a y  s a t e l l i t e  t o  t a r g e t  v e h i c l e  RF s i g n a l  pa th  a l t i t u d e  of  
c l o s e s t  approach s h a l l  be computed once per d a t a  frame as fo l lows :  

where 

hF = a l t i t u d e  of forward l i n k  r e l a y  

hR = a l t i t u d e  of  r e t u r n  l i n k  r e l a y  
- 
R(2) = r e t u r n  l i n k  r e l a y  s a t e l l i t e  p o s i t i o n  i n  t h e  M50 C a r t e s i a n  

c o o r d i n a t e  system from t h e  OCM 
- 
R(3) = v e h i c l e  p o s i t i o n  i n  t h e  M50 C a r t e s i a n  c o o r d i n a t e  sys tem from 

t h e  OCM 
- 
R(4) = forward l i n k  r e l a y  s a t e l l i t e  p o s i t i o n  = i n  t h e  M50 C a r t e s i a n  

c o o r d i n a t e  system from t h e  OCM 

re = e q u a t o r i a l  r a d i u s  of  t h e  r e f e r e n c e  e l l i p s o i d  (system parameter)  

If t h e  r e l a y e d  d a t a  passes" through a s i g n i f i c a n t  amount of  t h e  E a r t h  atmosphere,  
t h e  d a t a  s h a l l  not  be used t o  update  t h e  s o l u t i o n .  vec to r .  There fo re ,  i f  e i t h e r  
t h e  computed forward o r  r e t u r n  l i n k  r e l a y  a l t i t u d e  is less than  t h e  u s e r  
s p e c i f i e d  minimum va lue ,  t e r m i n a t e  f u r t h e r  p r o c e s s i n g  of t h e  d a t a  frame. F i g u r e  
1 i l l u s t r a t e s  t h e  r e l a y e d  RF s i g n a l  pa th  geometry. The sequence of mathemat ica l  
o p e r a t i o n s  r e q u i r e d  f o r  RF s i g n a l  pa th  a l t i t u d e  computation is presen ted  i n  f low 
c h a r t  RALT i n  appendix A .  

3.4.4 Observat ion I n i t i a l i z a t i o n  

P r i o r  t o  p rocess ing  t h e  o b s e r v a t i o n  d a t a  con ta ined  i n  a frame, i n i t i a l i z e  the  
d a t a  t y p e  counter  I s o  t h a t  Doppler d a t a  w i l l  be processed first; i . e . ,  I = 4. 



Subsequent ly ,  as each  d a t a  type i s  processed ,  t h e  t y p e  counter  s h a l l  be dec- 
remented u n t i l  a l l  f o u r  types  o f  d a t a  s p e c i f i e d  by the d a t a  type p a r a m e t e r s  
(NDT) have been processed.  



Frontside 

/ 
/ 

- \A Target  vehicl e 

Target veh ic le  o r b i t '  

Figure 1 .- Relay RF signal  path geometry. 



3.5 OBS qVATI ON PROCESSING 

3.5.1 General  

Each d a t a  frame s h a l l  have a f i x e d  r e c o r d  l eng th  and a c o n s i s t e n t  o r d e r i n g  of 
d a t a  types  w i t h i n  t h e  r e c o r d .  F i l l  d a t a  w i l l  be i n s e r t e d  by the  low speed i n p u t  
p r o c e s s o r  (LSIP)  where meaningful  d a t a  t y p e s  are no t  a v a i l a b l e .  For  example, 
r e l a y  d a t a  w i l l  at  most c o n s i s t  of range and Doppler measurements s i n c e  t h e  TDRS 
ground s t a t i o n  a n g l e  measurements are no t  mean ingfu l  f o r  o r b i t  de te rmina t ion  
u s e .  I n  t h i s  case  t h e  two a n g l e  words i n  t h e  r e l a y  d a t a  f rame w i l l  c o n t a i n  fill 
d a t a .  

One obse rva t ion  d a t a  t y p e  w i l l  be p rocessed  at a time. A s  each d a t a  type  i s  
p r o c e s s e d ,  t h e  d a t a  value s h a l l  be checked. Data w i t h  a n  e d i t  f l a g  o r  f i l l e r  
d a t a  w i l l  not be p rocessed .  

On e a c h  d i f f e r e n t i a l  c o r r e c t i o n  pass ,  a  t e s t  s h a l l  be performed t o  e n s u r e  t h a t  
a l l  f o u r  types  of obse rva t ion  d a t a  def ined f o r  a d a t a  fbam have been cons ide red  
f o r  p r o c e s s i n g .  After  t h e  e n t i r e  frame has  been p rocessed ,  de te rmine  i f  any 
more frames o f  d a t a  a r e  t o  be p rocessed .  

A s  e a c h  v a l i d  o b s e r v a t i o n  i s  p r o c e s s e d ,  t h e  DCM c a l l s  the  f o l l o w i n g  modules: 

a .  OCM ( r e f .  4 )  t o  compute a n  e s t i m a t e d  o b s e r v a t i o n  value and r e s i d u a l  f o r  
t h e  ob se rva ton  

b .  MPDM ( r e f .  5) t o  compute the  p a r t i a l  d e r i v a t i v e  of the o b s e r v a t i o n  w i t h  re- 
s p e c t  t o  p o s i t i o n ,  v e l o c i t y  and so lve - fo r  b i a s e s  ( i f  inc luded  i n  t h e  
s o l u t i o n  v e c t o r )  

C .  STMM ( r e f .  6 )  t o  compute t h e  partial d e r i v a t i v e s  o f  p o s i t i o n  and v e l o c i t y  
wi th  r e s p e c t  t o  i n i t i a l  p o s i t i o n  and v e l o c i t y ,  and any dynamic 
p a r a m e t e r s .  The STMM is c a l l e d  o n l y  once per d a t a  frame 

The DCM accumulates  the p a r t i a l s  ma t r ix  and t h e  n o r m 1  m a t r i x  as each d a t a  t y p e  
i s  processed.  A s  each d a t a  frame i s  read i n ,  t h e  frame t ime tr is saved and 
used t o  avo id  recomputat ion o f  parameters  t h a t  need t o  be computed on ly  once p e r  
d a t a  fkame. 

\ 

3 . 5 . 2  S e t 2  To P r o c e s s  Observat ion - ----- 
T O  p r o c e s s  an o b s e r v a t i o n ,  v a r i a b l e s  u t i l i z e d  by the  OCM ( r e f .  4 )  s h a l l  be 
def ined a s  f o l l o w s :  



where Go = o b s e r v a t i o n  v a l u e  

D(1) = d a t a  value  obta ined from frame 

D( 1) = a n g l e  1 

D(2) = a n g l e  2 

D(3) = range  

D (4)  = Doppler 

IDT = d a t a  type  i n d i c a t o r  

IDT = 1 (az imuth)  

2 ( e l e v a t i o n )  

6 ( e a s t  /w e s  t Y-ang l e  ) 

7 ( r a n g e )  

8 (Doppler)  

NDT( I )  = d a t a  type  parameter  

NDT( 1) d e n o t e s  angle  1 

NDT(2) denotes  a n g l e  2 

NDT( 3) deno tes  range 

M)T ( 4) denotes Doppler 

3 .5 .3  ----- Observat ion Computation - 

The obse rva t ion  computation module ( r e f .  4 )  s h a l l  be used t o  o b t a i n  ( 1) an 
e s t i m a t e d  o b s e r v a t i o n  v a l u e ,  (2) the  o b s e r v a t i o n  r e s i d u a l ,  ( 3 )  the  e l e v a t i o n  o f  
the v e h i c l e  with r e s p e c t  t o  the  r e c e i v i n g  and t r a n s m i t t i n g  s t a t i o n s ,  ( 4 )  t h e  
time and p o s i t i o n  of each  p o i n t  i n  t h e  s i g n a l  p a t h  a t  t h e  t ime  t h e  s i g n a l  is 
t r a n s m i t t e d  fram t h a t  v e h i c l e  or s a t e l l i t e  f o r  both  the start and end times of 
t h e  measurement i n t e r v a l ,  ( 5 )  the  v e l o c i t y  of  the O r b i t e r  v e h i c l e  a t  t h e  start 
and end t ime of  the  Doppler measurement i n t e r v a l ,  and (6 )  the  p o s i t i o n  o f  t h e  ve- 
h i c l e  w i t h  r e s p e c t  t o  t h e  s t a t i o n  i n  t h e  t o p o d e t i c  c o o r d i n a t e  system. The 



v a r i a b l e s  def ined i n  t a b l e  VP s h a l l  be provided t o  t h e  OCM and t h e  v a r i a b l e s  
de f ined  i n  t a b l e  ,VPI s h a l l  be  r e t u r n e d .  



!- ! t o  ! ! 
TABLE V I  .- ! Dm ! I OCM ! INTERFACE 

! ! ! ! 

DCM 
Parameter OCM 
vol  .VII , OCM Vol. X I ,  
t a b l e  V I  Parametera Sec t ion  Unit  Descr ipt ion 

3.1,3.2,3.3 Flag  1 = r e l a y  0 = d i r e c t  IDOP IDOP 

3.4 I n t e r n a l  9-point ephemeris t a b l e s  

3.4.5 I n t e r n a l  Transmit ter  l o c a t i o n  
parameter 

3.4.5 I n t e r n a l  Receiver l o c a t i o n  
parameter 

3.5 I n t e r n a l  Transmit ter  refr. modulus 
and s c a l e  height  

3 5 I n t e r n a l  Receiver refr . modulus and 
s c a l e  height  

3.1,3.2,3.3 I n t e r n a l  Measurement time a t  r ece ive r  

GRN G 
GDOP 
GANG1 
GANG2 

3.1,3.2,3.3 I n t e r n a l  Measurement value 
Hz 
I n t e r n a l  
I n t e r n a l  

3.1 I n t e r n a l  Range ambiguity i n t e r v a l  

3.2 I n t e r n a l  Doppler count i n t e r v a l  

3.2 Hz Reference frequency 

3.2 I n t e r n a l  Frequency m u l t i p l i e r  

3 - 2  Hz Offset  frequency i n  Doppler 

a ~ e e  t a b l e  VI, vo l .  XI. 



TABLE V I  .- Concluded 

DCM 
Parameter E M  
Vol.VI1, OCM Vol. X I ,  
t a b l e  V I  Parameter Se  c t i o n  Unit  Desc r ip t ion  

- --- 
BD b~ 3 .2 Hz Relay Doppler b i a s  

( s o l v e  f o r )  

BFp . (bFp) 3 2 Hz Return l i n k  TDRS t r a n s l a t i o n  
f requency  

IDT IMT 
NR NR 
NX N X  
SNR SNR 

Appendix F l a g  Measurement type  I D 
Appendix F l a g  C u r r e n t  r e c e i v e r  I D 
Appendix F l  a g  Current  t r a n s m i t t e r  I D 
Appendix lag Receiver I D  f'rom p r e v i o u s  

c a l l  
Appendix I n t e r n a l  Measurement t ime from 

p r e v i o u s  c a l l  



--- 
! ! t o !  ~! 

TABLE V I 1 . -  ! O C M ' !  ! DCM ! INTERFACE 
! ! ! ! 

DCM 
Parameter 
Vol. V I I  
appendix 

OCM 
*Val. X I ,  
Sec t ion  

OCM 
Parameter Descr ipt ion U n i t  

-t (e l  ( e l  
R~ ytp I n t e r n a l  M50 pos i t i on  and epoch o f  

p a r t i c i p a t i o n  o f  each p o i n t  
on s igna  1 path (corresponding 
t o  measurement t ime ,  tR) 

I n t e r n a l  

I n t e r n a  1 

Vehicle ve loc i ty  (M50) a t  
veh i c l e  p a r t i c i p a t i o n  

M50 pos i t ion  and epoch o f  
p a r t i c i p a t i o n  of each p o i n t  
on s igna 1 path ( corresponding 
t o  s t a r t  time of  Doppler 
i n t e r v a l ,  a t  rece iver  t i  S:Ynt 

t, - TI 

I n t e r n a l  

In t e rna l  

Vehicle v e l o c i t y  (M50) a t  
veh i c l e  p a r t i c i p a t i o n  

S i  a 1  delay times f o r  each f% (p ) s igna l  path l e g  
(corresponding t o  measurement 
time, tg) 

A t '  ( p )  I n t e r n a l  S i  na l  delay t imes  f o r  each  6, ( p  ) s i g n a l  pa th  leg 
( corresponding t o  s t a r t  t i m e  
o f  Doppler count i n t e r v a l )  

I nt  e rna l  Elevation angle  f o r  r e c e i v e r  
l e g  

I n t  e rna l  

Hz 

I n t e r n a l  

Computed range measurement 

Computed Doppler measurement 

Computed angle  measurement 



TABLE VIP .- Concluded 

D CM 
Parameter OCM 

OCM Vol. V I I  Vol. X I ,  
Parameter appendix Sect ion Unit  Description 

k /s* n/s G(1),  G(2) 3 .3  I n t e r n a l  Computed ang le  measurement 

%/w, YE/W G(1) ,  G(2) 3 .3  In te rna  1 Computed angle measurement 

D (  S) r 3.1 I n t e r n a l  Measuremnt r e s i d u a l s  
( observed --compu t ed)  

In t e rna l  Receiver l e g  range vector  i n  
ENU topodet ic  coord ina te  
( f o r  angle  measurements) 

I n t e r n a l  Square of  magnitude of  
r ece ive r  l e g  range vec to r  
( f o r  angle measurements ) 

I n t e r n a l  Transformation matr ix  : from 
TEI t o  EFSU ( f o r  angle 
measurements) 

I n t e r n a l  Transformation matrix: from 
M50 t o  TEI ( f o r  angle  
rneasur ernents ) 



3.5.4 Measurement - P a r t i a l  Der iva t ive  Computation 

The measurement p a r t i a l  de r iva t ive  module ( r e f .  5) s h a l l  be used t o  o b t a i n  t he  
p a r t i a l  d e r i v a t i v e s  of the  observat ion wi th  respec t  t o  the ( 1 )  veh ic l e  pos i t i on ,  
(2) veh ic l e  veloci ty ,  and (3)  observat ion b i a s e s .  Tke p a r t i a l  der iva t ives  of 
the observat ions with r e s p e c t  t o  a l l  o the r  dynamic parameters included i n  the  so- 
l u t i o n  vector i s  zero.  The v a r i a b l e s  defined in t a b l e  VIII s h a l l  be provided t o  
t h e  MPDM and the va r i ab l e s  def ined  in t a b l e  M s h a l l  be re turned .  



78FM30 : V I I  

TABLE V1PI.- I I E MPM I INTERFACE 

MPM 
DCM MP DM Vol. X I ,  

Parameter Parameter Sect ion Unit  Descr ip t ion  

A A 3.1.4 - TEI t o  ENU t ransformation 
mat r ix  

RTD( I ) B ~ ~ ( ~ ) i  3.1 E . r .  Re la t ive  pos i t i on  of veh i c l e  
with r e spec t  t o  t he  r e c e i v e r  
i n  ENU coord ina tes  

%P9 t~ *P9 t~ E r E 6  ca r t e s i an  coord ina tes  of h r  each point  on t h e  RP s i g n a l  
path 

E r , %he ( e )  denotes at end 
hr  t h e  Doppler counting i n t e r v a l .  

t t 
" (3)  ( s )  

$P 9 t ~  h p  , t p  3.1.5,3.1.6 E r  ( s )  denotes a t  the  s t a r t  of ku. the Doppler count i n t e r v a l  

 at^ At  P 3.1.5 hr  S igna l  delay time on t h e  p t h 
l e g  of  t h e  RP s i g n a l  path.  

( e l  
Atp 3.1.6 h r  ( e )  denotes a t  t h e  end of 

t h e  Doppler count i n t e r v a l  
s (8  ) 

 at^ A t  p 3.1 - 6  hr  ( s )  denotes a t  the  s t a r t  of 
t h e  Doppler count i n t e r v a l  

p2 p 2  3.1 E. r .  c 2  + r~ +- c2 = square o f  t h e  
geometric d i s tance  from the  
rece iver  t o  t he  f i r s t  pa r t -  
i e ipant  (TDRS o r  veh i c l e )  

IDBP 

ID'% 

K 

EDOP 

SBT 

K 

3.1 F lag  Signal  path conf igura t ion  

4.0 F lag  Data type i nd i ca to r  

3.1.6 -- Doppler model mul t i p l i e r  



78FM30 : V I I  

TABLE V I I I  . - Concluded 

MPN 
DCM MPDM . Vol. X I ,  

Parameter Parameter Sec t ion  Unit Desc r ip t i on  

v v~~ 3. 1.6 Hz Reference frequency 

T T 3.1.6 hr  Doppler count i n t e r v a l  

t I t 4.0 h r  Observation time 



TABLE 1X.-  ! MPDM ? ? DeM I INTERFACE 

MPBM 
MDDM DCM Vol. X I ,  

Parameter Parameter Section Unit Description 

3.1 In ternal  Par t i a l  sf observation w i t h  
respect t o  BE0 position 

Internal  Par t i a l  of observation with 
respect t o  M5O veloci ty  

a G - aG - 3.3 Internal  Par t i a l  QE observation with 
a b a b respect to bias 



3.5.5 S t a t e  Trans i t ion  Matrix Computation 

The s t a t e  t r a n s i t i o n  matr ix  submdule  ( r e f .  6 ) s h a l l  be used t o  ob t a in  t he  par- 
t i a l  de r iva t ives  o f  pos i t i on  and v e l o c i t y  a t  t h e  veh ic l e  time (b) with r e s p e c t  
t o  ( I )  the  anchor pos i t ion  and ve l sc i  ty  of the vehicle  and ( 2) the dynamic 
s o l u t i g n  vec to r  parameters once per d a t a  frame. The vehic le  time (t,,) and posi- 
t i on  (Rv) is a func t ion  o f  the s i g n a l  path conf igura t ion .  The value o f  t he se  pa- 
rameters is determined as fo l lows:  

- - 
For d i r e c t  t r ack ing  da ta  (IDOP = 0) : tv = t ( 2 ) ,  R v  = R(2) 

- 
For relayed t rack ing  da ta  (IWP = 1 ) :  t = t ( 3 ) ,  = R(3) 

where . t ( p )  = time o f  point  p on t h e  s i g n a l  path a s  determined by the l i g h t  
time a lgor i thm of the  OCM 

g(p) = pasi t i o n  o f  po in t  p on s i g n a l  path a s  determined by the  l i g h t  
tjme algori thm of t he  OMC 

The DCM s h a l l  reques t  a s t a t e  t r a n s i t i o n  mat r ix  @ ( t , t o )  whenever t is: 

a .  The vehic le  time a s s o c i a t e d  with the  cur ren t  frame time 

b. An ephemeris time 

c .  A vent on time 

d. A vent o f f  t i n a e  

To e f f e c t  t h i s  computation, t h e  DCM s h a l l  provide: 

a. M50 s t a t e  and t iw a t  which the s t a t e  t r a n s i t i o n  matr ix  is r equ i r ed .  

b . M50 s t a t e  and time of prev ious  STM request  . 
c .  S t a t e  t r a n s i t i o n  matr ix  from the previous r e q u e s t .  

d . S t a t e  vec to r  solve-for f l a g s  that  i d e n t i f y  which dynamic parameters are 
presen t  

e . Drag n u l t i p l i e r  from c u r r e n t  s t a t e  vec to r  

f. .Vent f l a g s  t h a t  spec i fy  on and o f f  t imes f o r  each ven t  

I n  addi t ion t o  s av ing  the most r e c e n t l y  computed s t a t e  t r a n s i t i o n  matr ix ,  t he  
DCM s h a l l  save the  s t a t e  t r a n s i t i o n  mat r ix ,  the vehic le  s t a t e  v e c t o r ,  and t i m  
t a g  assoc ia ted  with t h e  STW ca 11 immediately preceding the batch time of  the  
next  batch, i n  case the c u r r e n t  batch overlaps the nex t  batch. This  i s  f o r  pur- 
poses of r e i n i t i a l i z i n g  the s t a t e  t r a n s i t i o n  matrix module of the f i r s t  frame of 
the next batch. 



The v a r i a b l e s  de f ined  in t a b l e  X s h a l l  be provided t o  t h e  STM and t h e  v a r i a b l e s  
de f ined  i n  t a b l e  X I  shall be r e t u r n e d .  



! ! t o  ! ! 
TABLE X.- I DCM ! ! STM I INTERFACE 

! ! ! -- ! --- 

DCM 
Parameter 
Vol .V 11, STMM 
t a b l e  I Parameter Unit Description 

Link ID Link I D  F l a g  I d e n t i f i e s  DC l i n k  

L X L ~  I n t e r n a l  M50 s t a t e  and epoch at i n i t i a l i z a t i o n  
time 

R, V, t X ,  t In t e rna l  M50 s t a t e  and epoch a t  output  time 

@(tL,td @(tL, to) I n t e r n a l  S t a t e  t r a n s i t i o n  matr ix  t ha t  maps from 
anchor time ( t o )  t o  i n i t i a l i z a t i o n  time 
( tL> 

SVFL GS Sol.  v e c t o r  Flag I d e n t i t i e s  s o  lve-f o r  dynamic p r a m e t e r s  
content and b i a s e s  jn  the s o l u t i o n  vec tor .  

VNT(J) V N T ~ ~  F lag  *ec i f i e s  whether J~~ vent  is  ON or OFF 
f o r  cu r r en t  computation 



TABLE XI .- ! STPB ! I DeM I INTERFACE 

STMM D CM 
Parameter Parameter 
V s l .  X ,  Vol. V I I ,  
Sec .  3.2 t a b l e  I Unit 

@(t, t o )  I n t e r n a l  S t a t e  t r a n s i t i o n  matr ix ,  6 x (6+M), where 
M = number o f  dynamic parameters,  which 
maps from anchor tire < td  t o  cu r r en t  
time (t). 



The p a r t i a l  de r iva t ive  of  each observat ion with r e spec t  t o  t he  s o l u t i o n  vec to r  
parameters s h a l l  be computed using the  p a r t i a l  d e r i v a t i v e  of  t he  observat ion 
wi th  r e spec t  t o  t he  s o l u t i o n  vector  and t h e  s t a t e  t r a n s i t i o n  matr ix .  The par-  
t i a l s  matrix is  formed as follows: 

where 3 = a  column vec tor  of  p a r t i a l  d e r i v a t i v e s  of t he  observat ion with r e -  
spec t  t o  the  parameters i n  the so lu t ion  vector  

- a G  = a  row vector  of p a r t i a l  d e r i v a t i v e s  of t he  observat ion with - 
ax respec t  t o  t he  cu r r en t  veh ic le  p so i t i on  and ve loc i ty  ( s ee  f i g .  

2) 

- = a  rec tangular  s t a t e  t r a n s i t i o n  matr ix  of  p a r t i a l  d e r i v a t i v e s  

axJ of the cu r r en t  veh ic le  pos i t i on  and ve loc i ty  with r e spec t  t o  t h e  
dynamic parameters i n  the  s o l u t i o n  vector  a t  anchor time ( to) (see  
f i g .  2 )  

- 
b = a  row vector  of p a r t i a l  d e r i v a t i v e s  of t he  observat ion with re -  

spec t  t o  the  measurement b i a se s  i n  t h e  so lu t ion  vec tor  

bj = 1 ,  i f  so lu t ion  b i a s  j a p p l i e s  t o  t h i s  measurement 

= 0 ,  otherwise.  If measur-ement b i a se s  a r e  no t  included i n  t h e  
s o l u t i o n  vec to r ,  then b  is omitted from the  p a r t i a l s  
mat r ix .  
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A s  each observat ion is processed, the  normal mat r ix  N s h a l l  be updated us ing  
the  observat ion p a r t i a l s  vector  a and t h e  observat ion weight W. S ince t he  
r e s u l t i n g  normal mat r ix  is symmetric, forming the  matr ix  row by row and s t o r i n g  
it i n  lower t r i a n g u l a r  form w i l l  save s to rage  and computing time. It is not  nec- 
e s sa ry  t o  compute t h e  elements pas t  t he  diagonal of t he  matrix.  The normal 
ma t r ix  s h a l l  be updated a s  follows: 

where 

N = the  normal mat r ix  
- 
a = a column vector  of p a r t i a l  de r iva t ives  of t he  observat ion with re- 

s p e c t  t o  the  parameters i n  t h e  so lu t ion  vec tor  

W(I) = t h e  s c a l a r  weight of observat ion da t a  type I. I = 1 (angle  I ) ,  
I 2 (angle  2), I = 3 ( range) ,  I = 4 (Doppler) 

The cu r r en t  sum of squares  of r e s i d u a l s  and the  predicted r e s i d u a l s  s h a l l  be 
accomulated a s  fol lows 

The sequence of opera t ions  necessary t o  execute  t h i s  func t ion  is presented i n  
t h e  flow cha r t  NORMAT of appendix A .  

3.6 SOLUTION REQUIREMmTS 

Af te r  a l l  observat ions have been processed, t he  normal mat r ix  N w i l l  con ta in  
t h e  fol lowing data:  
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The cor rec t ions  E X  to t h e  s t a t e  vector  a r e  then computed according t o  t he  equa- 
t ion :  

where 

6z = cu r r en t  change t o  t he  es t imate  of t h e  so lu t ion  vector  

A = matrix of p a r t i a l  de r iva t ives  of the  obse rva t iom with respec t  t o  
t h e  s o l u t i o n  vector  p r m e t e r s  

W = diagonal we igh t im  matr ix;  each element is the  inverse  of t h e  va r i -  
ance assoc ia ted  with t h e  r e spec t ive  observat ion 

Ap = a p r i o r i  covariance mat r ix  
- 
r = r e s i d u a l  vector  ( a c t u a l  observat ion minus computed observat ion)  
- 
6Xp = vector  of d i f f e r e n c a  between t& cur ren t  - - and a p r i o r i  (yp) es- 

t imate  of t h e  so lu t ion  vector  8Xp = Xp - X 

The f o l l o w i w  is a r ecu r s ive  invers ion  technique f o r  s y m e t r i c  matr ices .  This  
technique provides a meaningful t e s t  for  matr ix  s i n g u l a r i t y  (o r  ill 
condi t ioning)  by s e t t i n g  the  appropr ia te  element of the  so lu t ion  vector  correc-  
t i o n  t o  zero ,  thereby s e l e c t i n g  a s e t  sf' l i n e a r l y  independent mrameters  f o r  t h e  
so lu t ion  vector.  I n  t h i s  case,  s e t  MSG = 03. 

The bas i c  equat ions f o r  t h i s  invers ion  technique a r e  

% -1 SISS~ -. D and N"' = S D S 

where 

N input  symmetric matrix 

S = a lower triarlguPara matrix with -1 f o r  each diagonal element 

B = a diagonal mat r ix  
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Let 

and Di = (- D ~ - ~  0 

where 

Niml  = upper lef t  ( i -1)  x ( i -1 )  submatrix of N 

BiT = first i-1 elements of  t he  i - t h  row of N 

C i = ith diagonal  element o f  N 

Si-l = upper l e f t  ( i -1)  x ( i - I )  submatrix of S 

wiT = f i r s t  i-1 elements o f  t he  i - t h  row of S 

Di-1 = upper l e f t  ( i - I )  x ( i -1 )  submatrix of D 

a i  = ith diagonal  element o f  D 

It can be shown t h a t  

and 

which provide the  r ecu r s ive  procedure f o r  c a l c u l a t i n g  S and D with i 2 2 and 
the  i n i t i a l  values  S1 = -1 and D1 = N1. 

To ob ta in  a meaningful s o l u t i o n ,  i f  N is s ingu la r  o r  "ill condi t ioned ,"  per-  
form the  following: If C i  = 0 o r  ai/Ci < €, set Iai = 0 f o r  computation of  
D-I , where E is a small  number (system arameter ) . The ne t  e f f e c t  of t h e  

above is "not computef1 a change t o  t he  itR element of  t he  so lu t ion  vec to r .  

The sequence of  mathematical opera t ions  required f o r  the  invers ion  scheme is  
presented i n  flow c h a r t  SYMIN o f  appendix A .  The flow c h a r t  assumes the  input  
matr ix  has been co l lapsed  t o  only the lower t r i a n g u l a r  po r t i on ,  which has been 
s to red  by rows, e .g . , a1 1 , a21 , a22 , a 3  1 , . . . , ann . 



78FM30:VII ' 

' he  va r i ab l e s  shown i n  t a b l e  X I 1  s h a l l  be provided the  invers ion  scheme. 

The va r i ab l e s  shown i n  t a b l e  X I I I  s h a l l  be returned by t h e  invers ion  scheme. 
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! ! t o  I ! 
TABLE X I 1 . -  ! CP ! ! DCM ! INTERFACE 

! ! 1 I 

CP 
parametera DCM 

V s l  VI, DCM (Vol. V I I ) ,  
see. 6.0 Parameter Sec t ion  Unit Descr ipt ion 

BC . BC Batch counter  

Data Data Appendix 
batches batches 

SCT SCT Appendix 

VEPH( I) VEPH( I) Appendix 

BTIMES BTIMEG 

Appendix 

3 . 4 . 3  

3 . 4 . 3  

DTXCL DTXCL 

n n 4.0 

Appendix 

Inverse of a p r i o r i  
covariance 

Current so lu t ion  vec to r  

Tracking d a t a  

S t a t i o n  c h a r a c t e r i s t i c s  
t a b l e s  

Ephemerides f o r  veh i c l e  and 
TDRS s a t e l l i t e s  

I n i t i a l  times of  a l l  
batches being processed 

Minimum TDRS s i g n a l  pa th  
a l t i t u d e  

Minimum d i r e c t  
e l eva t ion  angle  

Minimum relayed e l eva t ion  
angle  

Data type exclusion f l a g s  

Length of so lu t ion  vec tor  

Number of batches being 
processed 

4 .O h r  Length of  da t a  i n t e r v a l  



TABLE X I 1 . -  Concluded 

CP 
parametera OCM 

Vo1 V I ,  DCM (Vol. VII) , 
sec. 6 . 0  Parameter Sec t ion  Unit Descr ipt ion 

XP 

SVFLGS 

INTEG 

TV NT 

SVNT 

L I N K  I D  

"P 

XP 

SVFLGS 

INTEG 

TVNT 

SVNT 

LINK I D  

2.0 A p r i o r i  s t a t e  vec tor  

Solu t ion  vec tor  f l a g s ;  i . e . ,  
f l a g s  which i n d i c a t e  t h e  
type  of  dynamic parameters 
i n  t h e  s o l u t i o n  vec tor  

I n t e g r a t o r  force  model 
op t ions  f o r  FFP 

Vent s t a r t  times 

Vent s t o p  times 

Vehicle i d e n t i f i e r  

Tota l  d i f f e r e n t i a l  
co r r ec t i on  

~ . r  . 3 /  Earth g r a v i t a t i o n a l  para- 
h r2  meter 

E . .  Beta s t e p  

E.r .  Ear th  r a d i u s  
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P 

I t o  I ! 
TABLE X I I 1 . -  ! DCM ! ! CP 1 INTERFACE 

! ! ! ! 

DCM CP 
Parameter Parameter Unit Description 

- 
XL . L M5O s t a t e  a t  l a s t  s t a t e  t r a n s i t i o n  

matrix computation 

Q(tL,to> Q(tL, $0) 

A A 

IODERR IODERR 

bx 6x 

RTWR RTWR 

ATWR ATWR 

VNT VNT 

Time of l a s t  s t a t e  t r a n s i t i o n  matrix 
computation 

S t a t e  t r a n s i t i o n  matrix a t  time tL 

Updated covariance matrix 

OD e r r o r  f l a g  

Di f fe ren t i a l  correct ion 

Weighted sum of squares of r e s idua l s  

Predicted res iduals  

Ephemeris of vehicle 

Vent f l a g s  
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! ! t o  !- ! 
TABLE X1V.- I SYSTEM I----! DCM ! INTERFACE 

! ! 1 ! 

Sys tem DCM 
Parameter Parameter Unit Descr ip t ion  

lJ lJ E R ~  / H R ~  Earth g r a v i t a t i o n a l  parameter 

6 6 E R " ~  Be t a  s t e p  

re re E R Radius o f  r e f e r ence  e l l i p s o i d  
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APPENDIX 

FLOW CHARTS FOR 

DIFFERENTIAL CORRECTION MODULE 





DCM 

ENTER WITH: h i 1 ,  X, 8 ,  11, AT, 

BTIMES, VEPH. ED, ER. DTXCL, n. 

Page 1 o f  5 

Figure A-1. -  Flow diagrani for di f ferent ia l  correction module. 



FRAME COUNTER: FC 1 
SAVED FRAME TIME: tl- -lo50 
SAVED RECEIVER NO: SNR = 0 
SAVED TIME FOR OCM: ST - lo50 

A 

I 

I GET FRAME FC 1 
IIIPUT: FC 
OUTPUT: tR, D ( I ) ,  I E ( I ) ,  r 

I GET EPHEMERIS POINTS SPANNING FRAME TIME t, I 
FOR EACH VEHICLE I N  SIGNAL PATH USING EPHEMS 

INPUT: tR, VEPH, N i l ,  NT2, NV, IDOP, VNT, TVNT. 

SvNT, tL, XL, +( tL ,  to). SVFLGS, L INK  I D  
OUTPUT: EPH ( I ) ,  I = 1, 3 

Page 2 of 5 

Firtire A - 1 .  - Continued 



7 
COMPUTE VALUE OF OBSERVATIOI AND RESIDUAL USING OCM 

INPUT: IWP, EPH, rA ,  rrG, rZG, r(D. rNo. rHS 

XrG, XZG. X+D* XNO. XHS, tR, GO, AR, r ,  BD 

v(NR)*  wq, 0 3 ,  BFp. IDT,  NR, NX, SNR, ST 

Page 3 o f  5 

F i g u r e  A-1.- Continued.  



A t t ( ) ,  p2, IDOP, I D T ,  HA, v(NX), 7 ;  ti, 

WTPUT: %v, %v 

DETERMINE VEHICLE TIME tv AND POSITION liy FOR 
THE SIGNAL PATH CONFIGUWTION BEING PROCESSED 
USING LTXME OUTPUT FROM OCM 

IIdPUT: tL, XL, ty, 5. ( ( t L ,  t o ) .  SVFLGS, 
L I N K  I D ,  VIIT 

OUTPUT: d ( t L ,  t o ) ,  tL, XL 

ACCUMULATE THE NORMAL MATRIX USING NORMAT 

Figdre A-1 . - Continued. 



I F  BATCHES OVERLAP, I N I T I A L I Z E  
STMM WITH PREVIOUS STATE TRANSITION 

M4TRIX 1 I 

RETURN T 

Page 5 of 5 

F igure  A-1. -  Concluded 



I READ BATCH (BC) 

INPUT: BC, DATA BATCH 
OUTPUT: NV, NR, NX, NTI, NT2, DT, v(NX), v(N,R), BFp, 

W4, W3, AR, BT, NB, BATCH 

INPUT: NR, STATION CHARACTERISTICS TABLE 
OUTPUT: r X ,  rRSS rZGs rRG, rwR. rWA, pHD2 

r W D 3 ( r ~ O ( I ) .  rHS(1), I = 1, 12)s  IODER~ 

1 READ TRANSMITTER (NX) CHARACTERISTICS 

INPUT : NX, STATION CHARACTERISTICS TABLE 
OUTPUT: XI, XOD XHS, XZG XHGs XWR, XUR, XWD2 9 XWDO 9 

(XN,(I), XHS(I), I = 1, 12). IODERR 

Page 1 o f  2 

F i g u r e  A-2.- Flow d iag ram B s r  SETUP process 



I DETERMINE REFRACTION MODULUS (No) AND SCALE HEIGHT I 
I (HS) ,FOR THE MONTH ASSOCIATED W ~ T H  BATCH T IME (BT) I 

WHERE I I S  THE MONTH ASSOCIATED 
WITH BATCH TIME (BT) 

Page 2 o f  2 

Figure A-2. - Concl uded. 



Page 1 of 2 

F igure A-3.- F low diagram: data type (DTYPE] t o  be processed. 



Page 2 o f  2 

Figure A-3. - Concluded. 

8-1 9 



ENTER WITH rWA, rWR 

Page 1 of 2 

Figure A-4.- Flow diagram for weight process. 



Figure A-4.- Concluded. 
Page 2 of 2 



X - SOLUTION VECTOR 
ISLVIB - SOLUTION VECTOR CONTENTS 
BD - DOPPLER BIAS 
LOC - LOCATION IN NORbIAL MATRIX TO PUT aG 

F 

a b 
M - MULTIPLIER FOR a G  x 

Page 1 of 1 
Figure A-5,- Flow diagram far SQlFUR process. 



I EPHEW I 

VEHICLE I D  SPAllNING FRAME TIME tR 

I INPUT: X ' ,  tR, VEPH ( ID )  
OUTPUT: EPH ( Y 1 \  I 

I COMPUTE STATE TRANSITION MRTRlX AT 
EACH TIME tF USING STMCALL 

4 ( t L ,  tE ) .  SVFLGS, DC LINK I D ,  VNT 

OUTPUT: + ( t E ,  t o ) ,  tL, xL 

Page 1 o f  1 

Figure  A-6.- Flow diagram for  EPHEMS process. 



I STMCALL I 

+(tL, t o ) ,  SVFLGS, VNT 

+ ( t L ,  t o ) .  SVFLGS, VtlT 

OUTPUT: +(SvI,T(I), t o )  OUTPUT: +(TVNT(I ) ,  t o )  

I 

CALL STATE TRANSITION MATRIX MODULE I 
INPUTS: tL, XL, t, X, + ( t L ,  to) 

SVFLGS, VtiT 

OUTPUT: + ( t ,  t,)) 
I 1 

F i g u r e  A-7.- F l o r i  d i a g r a m  f o r  STIKALL D rocess .  

Page 1 o f  1 



1 INITIALIZE I 

I COMPUTE FORWARD LINK RELAY SATELLITE TO VEHICLE ALTITUDE 1 

Page 1 o f  2 

Figure A-8.- Flaw diagram: relayed data a1 titude (WALT) computation. 



I COMPUTE RETURN LINK RELAY SATELLITE TO VEHICLE ALTITIUDE I 

'-e = EQUATORIAL EARTH RADIUS 

Page 2 sf 2 

Figure A-8 - Concluded . 



NOTE: 

ENTER WITH: LOC, M 
aG 9 dtL. tO)N.  

axv 
n, la, I, & X  A-', r 

P' P 

RTWR = 6xTA-'6x 
P P  P 
1 AT!dR = A -  6X 

P P 

COMPUTE THE PARTIAL DERIVATIVE 
OF THE OBSERVATION WITH RESPECT 
TO SOLUTION VECTOR 51 

I AND THE VECTOR ATwr I 
2 

RTWR = RTWR + r W(1) 

Page 1 o f  1 

F i g u r e  A-18.- F low d i a g r a m  f o r  NORMAT p r o c e s s .  



c m )  NOTE: THE FOLLOWING VARIABLES CAN 
BE EQUIVALANCED 
KM = KT _= IRS 
KS B IRSS 
KL n ITL 
K1 5 IT 
K2 a I R E  KLl 
L B IN 
LOCATION OF FIRST 
D ELEMENT 

OUTER LOOP: ITERATE ON 
RECURSIVE INVERSION 
FORMULA ONCE FOR EACH 
SUBMATRIX OTHER THAN THE 
FIRST, i.e., COMPUTE S 
AND D MATICES. 

Page 1 o f  6 

Figure A-19, - Flow diagram; invert normal matrix and compute changes (SYMIN). 



SET KS TO POINT TO 
BEGINNING OF BKt, 

I N I T I A L I Z E  K, TO 
L 

KS = KS + K POINT TO REGINNING 
KL = 1 I& OF 'K 

1 ST INNER LOOP: 
T T 1  COMPUTE B ~ + , s ~ D ~  . 

I F  DK = 0 SET PRODUCT 

TO ZERO. TEMPORARILY 
SET POINTERS: STORE RESULT I N  

K1 -+ CURRENT ENTRY T 
W ~ t l  

IN wTKi1 
K2 -t CURRENT DIAGONAL 

ENTRY OF DK 

TEST FOR ZERO ON 
DIAGONAL AT D ( j ,  J )  

T KM -+ START OF B,+, 

COMPUTE B:+~ S: 

TEST FOR ZERO ON 
DIAGONAL AT D(J, J )  

MENT POINTER K,- 
CURRENT ROW OF SK 

T COMPUTE BKtl S 

MENT POINTER K,- 
CURRENT ROW OF SK 

Page 2 o f  6 

F i g u r e  A -19 . -  C o n t i n u e d .  

A-21 



I N I T I A L I Z E  POINTERS: 

COMPUTE NEXT ELEMENT 

I N I T I A L I Z E  POINTER KT 

Page 3 o f  6 

F i g u r e  A-19.- Continued. 



SKIP  REMAINDER OF LOOP 
FOR LAST VALUE OF K I F  
CALL WAS FOR A DC 
SOLUTION. T H I S  CALL 
AVOIDS UNNECESSARY 
COMPUTATION OF an+, 

POINTER K1 TO LOCATE 

WHEN MATRIX HAS 
SINGULARITY I N  

INCREMENT L TO NEXT 
DIAGONAL ELEMENT OF S 

Page 4 o f  6 

Figure 8-19,- C o n t i n u e d ,  

A-23 



ZERO THE INITIALlZATION INDEX 
FOR IRS AND IRT 

Page 5 o f  6 

F igure A-19.- C ~ n t i n u e d .  
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Fiijure 8-19.- Concluded. 



DISTRIBUTION FOR JSC IN 78-FM-30, VOL. V I I  

&/Technical Library  (2)  
JM61/Center Data Managaent (3) 

I CF3/J. Greene 
FM8/E. Schiesser  

J. Williamson (5)  
J. Currie  
W. Ysrk 
J . Weaver 
W e  Wollenhaup t 
R.  Osburn 

FM14/Report Control (20) 
A .  W iseman 
B. Woodland 

FM17/L. Hart ley 
FS5/M. Dixon 

J. Mendiola 
FS15/R. Brown (2) 
IBM/H. Norman 

R .  Rich 
W e  Goodyear 
F. Riddle 
C . Waund 
A .  Stevenson (8) 

MDTSCO/T. Rich 
R . Theis 

TRW/O, Bergman (15) 




